T h e superoxide radical (0;) is released during the rcspiratory burst of phagocytic cells and by cultured cndothelial cells (Matsubara &L Ziff. 1Y86). In phagocytic cells, 0; release is mediated by a membrane bound 'respiratory burst oxidase'. dormant in unactivated cells. that catalyses the oneelectron reduction of O2 to 0; at the expense of NADPH (Babior. 1087). Activation of thc respiratory burst oxidase is via a general activating system involving phosphatidylinositol phosphates, changes in intracellular Ca' + concentration and protein kinase C stimulation via 1 ,2-diacylglycerol. Here we report that cultured human fibroblasts also release 0;.
Passage 3-5 fibroblasts from skin biopsies o r operative Dupuytren's contracture palmar fascia specimens (Murrell et al., 1 YX7) were cultured in Dulbecco's minimal essential medium supplemented with 10% (v/v) fetal calf serum. Homogeneity and ultrastructural features o f fibroblasts were checked by light and electron microscopy. Cells (10') were seeded into each I .O cm well o f 24 multiwell culture plates, cultured for 24 h and the cell layer washed three times with 1 .0 ml of phosphate-buffered saline (pH 7.4). 0; release was estimated using the superoxide dismutasc inhibitable reduction of cytochrome c (Weening er al., 1Y75). A reaction buffer containing I .O mM-CaCI,, 2 mM-glucose and 5 0 p~-cytochrome c dissolved in phosphate-buffered saline (pH 7.4) was added to each well. For each parameter assessed, half of the wells were incubated with 60 pg of superoxide dismutase/ml and half without. The final volume of the reaction mixture was 1 .O ml. After incubation at 37°C for 80 min without agitation, reactions were terminated by the addition of 1 . 0 ml of 2 mM-Nethyhaleimidc. T h e amount of 0; release was determined by dividing the average difference in absorbance at 5 5 0 nm in samples cultured with and without superoxide dismutase by the cxtinction coefficient for reduction of cytochrome c.
In this system there was a superoxide dismutase-inhibitable reduction in cytochrome c that increased with time and cell density. T h e shape of the 0; release versus fibroblast seeding density curve was similar t o that previously observed for stimulated granulocytes (Weening et al., 1 Y75). while the time course of 0; release by cultured fibroblasts was similar in form and magnitude to unstimulated granulocytes, and endothelial cells (Fig. 1) . Superoxide release doublcd when cultured fibroblasts were agitated at 2 cyclcs/second. Like phagocytic and endothelial cells, 0; release was affected by changes in C a 2 + and protein kinasc C stimulation. No 0; release was demonstrated in the absence of C a 2 + . In the presence of CaCl and 10 ng o f phorbol 12-myristate 13-acetate/ml (PMA; a synthetic analogue of I ,2-diacylglycerol )
187 (a Ca2+ ionophore), 0; release increased Compared with cndothelial cells (Matsubara & Ziff, 1986) and unstimulated granulocytes (Weening et al., 1975) . Each point is the mean of a triplicate incubation.
by 30-40"h. When both PMA and A23187 were present there was a 1 OO'%, increase in 0; release, suggesting a synergistic relationship between 1,2-diacylglycerol and intracellular C a 2 + in the stimulation of 0; release. It is important to note that the stimulatory effect of PMA on 0; release by fibroblasts was 10-15-fold less than that observed in phagocytic cells. T h e lower magnitude of 0; release compared with phagocytes is in keeping with its role in connective tissues. T h e exact source of 0; release by cultured fibroblasts is undetermined; xanthine oxidase-catalysed reactions were not a significant source, as addition of l o -' M-allopurinol in the presence of 1 O Y 4 M-hypoxanthine did not alter 0; release. Further investigations are required to determine if the source of 0; in fibroblasts is the same as that of phagocytes ( i s . a plasma membrane-bound NADPH oxidase). The rate of 0; release by cultured fibroblasts was equivalent t o that which stimulated fibroblast proliferation, while rate of 0; release by phagocytic cells was equivalent to that which damaged and inhibited fibroblast proliferation (Murrell et al., 1989) . These observations may help explain the often-massive tissue destruction that accompanies phagocyte infiltration during inflammation and the pheno-
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BIOCHEMICAL SOCIETY TRANSACTIONS mena of a gradual increase then decrease in proliferating Murrell Oxygen free radials, including superoxide (0; 1 and hydroxyl (OH.) radicals, and H 2 0 , in high concentrations are toxic in a number of ischaemic animal models and t o cultured cells.
Here we report that oxygen free radicals in lower concentrations stimulate fibroblast proliferation.
Passage 3-5 fibroblasts from skin biopsies or operative Dupuytren's contracture palmar fascia specimens (Murrell et ul., 1087) were cultured in Dulbecco's modification o f Eagle's medium supplemented with 10%, (v/v) fetal calf serum. Each well of a 1.6 cm 24 multiwcll tissue culture plate was seeded with 4 x 10" fibroblasts and cultured for 48 h (near confluence). The medium was then replaced with 1.0 ml of medium containing the agents to be tested. In thymidine incorporation experiments, this medium also contained 1.0 pCi of [3H]thymidinc and carrier thymidine t o a final concentration of 5.0 pM-thymidine (Puzas & Brand. 1986) . After 4 h of incubation at 37"C, the cell layer was harvested, processed and the radioactive, acid-insoluble fraction measured by liquid scintillation spectrometry to give an estimation of the rate of cell proliferation. Cell density was determined using a 1 mm? eyepiece graticule at 6 and 24 h. Cell morphology parameters were calculated at 4 h using a Zeiss modulator system for quantitative digital image analysis (MOP AM02). Oxygen free radicals were generated by three systems (xanthine oxidase and hypoxanthine. glyceraldehyde in phosphate-buffered saline and H,O,). Oxygen free radicals in high concentrations ( > 10 units of xanthine oxidase/ml with lo-' M-hypoxanthine; > lo-' M -H~O ? ; > lo-' Mglyceraldehyde) visibly damaged cultured human fibroblasts, reduced cell density and inhibited thymidine incorporation. In contrast, lower concentrations of free radicals ( 10-'-10-' units xanthine oxidase/ml; IWJ-10 -" M-glyceraldehydc; 10 -' M-H~O:) stimulated thymidine incorporation and increased mean cell area, maximum length and cell density (Fig. 1) . Both the stimulatory and inhibitory effects of xanthine oxidase were inhibited if xanthine oxidase was heat inactivated for 10 min at 1 00°C or lo-' ~-allopurinol (a competitive inhibitor of xanthine oxidase) was added. or 0; and HzOz scavengers added (60 pg of superoxide dismutase/ ml and 250 units catalase/ml).
The concentrations of free radicals which stimulated proliferation were similar to those produced by cultured fibroblasts themselves (Murrell et al., 1989b) , a finding confirmed by the observation that free radical scavengers when added alone inhibit fibroblast proliferation (Murrell et al., 1 0 8 9~) . These results it7 vitro may help explain fibroblast proliferation in fibrotic conditions such as Dupuytren's contracture where localized hypoxia can induce free radical production (Murrell er ul., 1987) . Free radicals generated by the hypoxanthine/xanthine oxidase reaction. Mean thymidine incorporated in control group was 13 pmol/l0' cells. D, M-hypoxanthine with l o -' units denatured xanthine oxidase/ml. ti = 6, mean
